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Four Decades of Progress in Monitoring and Modeling of Processes in the Soil-Plant-
Atmosphere System: Applications and Challenges  
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Many hydrologic processes of practical interest refer to land areas covered by vegetation where the 
interface between the soil and the plant roots is the boundary surface through which most of water 
exchanges between soil and atmosphere take place. 
Therefore, many hydrologic and agricultural studies deal with flow processes evolving in vegetated 
soils. To characterize these processes, a huge amount of experimental data has been gathered during the 
second half of the last century, both in the field during or after rainfalls or induced by irrigation events. 
Initially, there were process schemes of water movement in the soil-plant-atmosphere (SPA) system 
that relied on the concepts of field capacity and available water, largely employed to specifically solve 
irrigation problems. Later, the improvements in measurement methods, the development of even 
sophisticated equipment, and the availability of more accurate results have made it possible to set-up a 
highly dynamic and non-linear approach to the SPA, which is a complex system characterized by the 
evolution of interdependent processes and where the water availability to plant growth cannot be viewed 
as a soil property, but rather as a variable depending also on plant characteristics and local atmospheric 
conditions. 
The complexity of the system, the interference among the phenomena, and the difficulties in the 
description of the various physical, chemical, and microbiological processes have favored an increasing 
use of simulation models. The first models that were developed have mostly considered only some 
specific often separated processes, or simply joined different models in a single tool. Only recently 
dynamic comprehensive models have been proposed that enable to better quantify the interactions among 
various processes and to avoid resorting to simplified approaches based on the descriptions of single 
aspects of the problem at hand, which might also yield erroneous evaluations. Some models also include 
the description of convective solute and pollutant transport, the relevant degradation kinetics, and the 
interactions with the soil solid matrix. In the field of irrigation, the use of these types of models, together 
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with remote sensing techniques and GIS, can provide significant economic and environmental returns, 
even with reference to relatively large irrigation districts. 
For more widespread model applicability to real situations, however, it is necessary to overcome the 
difficulties one encounters to properly characterize the system parameters as well as to conceptualize and 
validate the SPA processes at the spatial and temporal scales of interest. Appropriate techniques enabling 
the passage of scales in the presence of non-linear, interaction processes are still required. Within this 
latter frontier research, carrying out new experiments, making measurements and observations, together 
with developing new approaches and innovative equipment, represent definitely core activities. 
During the last few years, we are witnessing a growing convergence between the monitoring and 
modeling activities related to SPA processes. Therefore and with a view to the above questions, the scope 
of this conference is to bring together researchers from different backgrounds to discuss the important 
achievements obtained thus far over the last decades, but also and perhaps especially to outline potential 
future directions for research being of benefit and interest to the younger generation. 
The papers included in these proceedings cover the following major themes discussed during the 
conference held in Naples (Italy), June 19-21, 2013: 
 Progress in soil water flow and solute transport in SPA: the interrelated aspects of monitoring variables 
and modeling processes; 
 Innovations for sustainable use of water in agriculture: from irrigation modeling to effectiveness of 
pipeline network; 
 New tools to parameterize hydrological processes in SPA across heterogeneous landscapes. 
 Advances in hydrological processes and patterns assessment at various spatial scales: from hillslope to 
catchment; 
 Processes evolving in the different compartments of the Earth’s Critical Zone: from the vegetation top 
to the groundwater bottom. 
 
 
